Reactions of Zr(OPr n ) 4 and Zr(OBu n ) 4 with 3-pentenoic acid (PA) in 1:1 molar ratio were studied in propanol and butanol solution at room temperature by the sol-gel process. The complexations were investigated by 13 C{ 1 H}, 1 H-NMR and FTIR spectroscopy. 
INTRODUCTION
Metal alkoxides and their organic derivatives have been used in the synthesis of organic-inorganic hybrid materials, glasses, thin films, fibers, electronics and ceramics [1] [2] [3] . The complexing ability of metal alkoxides with appropriate organic glycols, diketones and organic acids influences the functionality of precursors and controls the degree of polycondensation of the reaction products [4] [5] [6] .
The first complexing organic compounds include glycols or diols. Reaction between glycols and metal alkoxides results in the formation of glycolate complexes (Eq. 1) [7] [8] [9] [10] [11] [12] , where G is an alkyl or alkylene moiety.
For example, addition of cis-2-butene-1,4-diol to Ti(OPr i ) 4 in 1:1 stoichiometry produces [Ti 4 
The second group of complexing organic compounds with unsaturated bonds involves β-ketoesters such as allylacetoacetate [5, 13] and methacryloxyethyl acetoacetate [5, 14] . The third group of complexing ligands that contain unsaturated bonds for metal alkoxides complexes are organic acids such as acrylic and methacrylic acid (McOH). When organic acids or β-ketoesters are added to metal alkoxides in solution, some part of the alkoxy group from starting material is replaced with the chelateorganic groups (Eq. 2).
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In the hydrolysis reactions of organic-modified metal alkoxide complexes, only the alkoxide group undergoes substitution while the chelateorganic group remains bonded to the metal (Eq. 3) [4, [15] [16] [17] . This is a result of both chelate bond formation and steric hindrance effects [5, 13, 15, 18] .
In order to explore further this chemistry, we undertook a study of the reactions of the metal alkoxides, Zr(OPr n ) 4 and Zr(OBu n ) 4 , with PA. The hydrolytic stability of PA, which is coordinated to metal alkoxides complexes, was also investigated.
EXPERIMENTAL

Methods and Materials
The 13 C{ 1 H}-and 1 H-NMR spectra were recorded on Bruker Avance-500 spectrometer. The FTIR spectra were carried out on Shimadzu 8201/86601 PC spectrometer. Thermogravimetry measurements were done on a Furnace Type ELF 11/6. The chemicals, zirconium tetra-n-propoxides, (Zr(OPr n ) 4 , 70% in propanol), zirconium tetra-n-butoxides (Zr (OBu n ) 4 , 80% in t-butanol), PA (97%, trans form >90%), propanol (99%) and butanol (98%) were obtained from Fluka and were used without further purification. Propanol and butanol were used as solvents for the metal propoxides and metal butoxides, respectively.
